COMBI NATI ONS OF EOP MEASUREMENTS: COMB96 EOP(JPL) 97 C 02
& POLE96 EOP(JPL) 97 C 03

R S. Goss (Jet Propulsion Laboratory, California Institute of
Technol ogy, Pasadena, CA 91109-8099, USA; rsg@logos .jpl.nasa.gov)

A Kalman filter has been used to conbi ne independent
measurements of the Earth's orientation taken by optical
astronmetry and the space-geodetic techniques of LLR SLR VLBI,
and GPS. The approach taken is the same as that used in
generating previous such combinations (e.g., Goss, “Conbinations
of Earth Orientation Measurenents: SPACE94, coMB94, and POLE94",
J. Geophys. Res., 101, 8729-8740, 1996) and will be only briefly
described here. Prior to incorporation of the optical astronetric
nmeasurenments, the space-geodetic neasurements were first conbined
together, resulting in the conbined ECP series EOP(JPL) 97 C 01
(also known as SPACE96), the description of which can be found
el sewhere in this volune. The incorporation of the optical
astrometric nNeasurements was then done in two stages: (1) the BIH
optical astrometric series (Li, BIH Annual Report for 1984, g.
D31-D63) was first conbined with SPACE96 to form coMB96, and F )
the International Latitude Service (ILS) optical astronetric
series (vumi and Yokoyama, Results of the ILS in a Honbgeneous
System 1980) was conbined with coMB96 to form POLE9G.

Prior to formng coMB96, the BIH astronetric series was first
corrected to have the same bias and rate as SPACE96, the stated
measurenment uncertainties of the BIH series were adjusted by
applying a constant multiplicative scale factor that nade the BIH
residual, when difference with SPACE96, have a reduced chi-square
of one; and those BIH data points whose residual values were

reater than three tines their adjusted uncertainties were

el et ed. In addition, in order to correct for systematic,
seasonally varying effects in optical astrometric neasurenents,
the annual term of the BIH series was adjusted to be in agreenent
with the annual term exhibited by SPACE96. The corrections thus
determ ned and applied to the BIH series prior to its conbination
with SPACE96 are shown in Tables 1 and 2, with the |-sigma form
uncertainties in determning these bias, rate, and annual term
corrections being shown in parentheses. _

The result of conbining the corrected BIH optical astrometric
EOP nmeasurenments with space96 is designated EOP(JPL) 97 C 02 (al so
known as coMB96), spans January 20, 1962 to February 5, 1997 at s-
day intervals, and consists of values of PMX, PMY, uri-utc, their
| -sigma formal uncertainties, and correlations. The new 9.3- and
18. 6-year terns in UT1l have been included in the coMB96 UT1 val ues
for all epochs since the beginning of the series by adding the
correction:

UTl _new - uUTl_old = -0.176 sin(Omega) - 0.0042 sin(2.*Qmega) (ins)
which is consistent with the new GST definition (see |ERS
Conventions (1996), EB. 21-22), but is of opposite sign to the
correction given in [ERS Gazette No. 8. _ _

The I'LS optical astrometric series was then conbined with
coMB96 to form poLe96 after first: (1) correcting the ILS series
to have the sanme bias, rate, and annual term as COMB96, (2)
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TABLE 1. ADJUSTMENTS TO BIAS, RATE, AND UNCERTAINTY
DATA SET Bl AS RATE UNCERTAI NTY
NAVE (mas ) (mas/yr) SCALE FACTOR
Bl H PMX PMY UT1 PMX PMY UT1 PMX PWY  UT1
-0.397 -2.300 -8.260 1. 026 0. 885 5.235 1.819 1.627 1.894
(0.757) (0.658) (0.699) (0.417) (0.173 (0.279
LS PMX PMY UT1 PMX PMY UT1 PMX PWY  uTi
-49.836 -1.477 --- 0.019 -0.204 - 2.002 1.565 ---
(2.185) (1.717) (0.444) (0.349)

Ref erence date for rate adjustnent of BIH series is 1980.0
Ref erence date for rate adjustnent of ILS series is 1970.0

TABLE 2. ADJUSTMENTS TO ANNUAL TERM
DATA SET COEFFI CI ENT OF COEFFI CI ENT OF
NAME SINE TERM (mas) COSI NE TERM (mas)

BI H PMX PMY UT1 PMX PMY UT1
-5.796  -6.457  5.325 -3.383  9.220  -1.052
(0.909)  (0.626)  (0.732) (0.950)  (0.689)  (0.778)

ILS PMX PMY uTl PV PMY uT1
-0.492  7.738  --- 9.239 -10.788  ---
(3.069)  (2.410) (3.075)  (2.415)

Ref erence date for adjustnent of BIH series is 1980.0
Ref erence date for adjustnent of ILS series is 1970.0
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ATTACHMVENT 1
Techni cal description of solution JPL 97 C 02

Techni que: Conbi ned

Anal ysis Center: Jet Propul sion Laboratory

Sof tware used: Kalman Earth Orientation Filter (KEOF) OP-B
Data span: Jan 62 - Feb 97 at 5-day intervals

Cel estial Reference Frane: Not Applicable

a - Nature:

b - Definition of the orientation:

Terrestrial Reference Frane: Not Applicable
- Relativity scale:

- Velocity of light:

- Geogravitational constant:

Permanent tidal correction:

- Definition of the origin:

-~ d® QO O T @
'

- Definition of the orientation:

g - Reference epoch:

h - Tectonic plate nmodel:

i - Constraint for time evolution:

Earth orientation: EOP(JPL) 97 C 02
a - A priori precession nodel: Not Applicable
b - Apriori nutation nodel: Not Applicable
c - Short-period tidal variations in x, y, UTl:

Wien necessary, diurnal and semidiurnal tidal variations

have been renmoved from the individual EOP series prior to

their conbination into eop(gpL) 97 C 02. Diurnal and

semidiurnal tidal terms have not been added back and are
therefore not included in the values reported in EOP(JPL) 97 C 02.

Estimated Paraneters:

a - Celestial Frane:

b - Terrestrial Franme:

c - Earth Orientation: PMX, PMY, UT1-UTC
d - Qhers:
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ATTACHVENT 2
Techni cal description of solution JPL 97 C 03

Techni que: Combi ned

Anal ysis Center: Jet Propul sion Laboratory

Sof t war e used: Kalman Earth Orientation Filter (xeor) OP-B
Data span: Jan 1900 - Jan 1997 at 30.4375-day intervals
Cel estial Reference Frane: Not Applicable

a - Nature:

b - Definition of the orientation:

Terrestrial Reference Frane: Not Applicable
- Relativity scale:

- Velocity of light:

- Ceogravitational constant:

- Permanent tidal correction:

- Definition of the origin:

-~ ® o O T o2

- Definition of the orientation:
- Reference epoch:

> «Q

- Tectonic plate nodel:

i — Constraint for time evolution:

Earth orientation: EOP(JPL) 97 C 03
a - Apriori precession nodel: Not Applicable

b - Apriori nutation nodel: Not Applicable
c - Short-period tidal variations in x, y, ULl

When necessary, diurnal and semidiurnal tidal variations

have been renmoved from the individual EOP series prior to

their conmbination into EOP(JPL) 97 C 03. Diurnal and

semidiurnal tidal ternms have not been added back and are
therefore not included in the values reported in EOP(JPL) 97 C 03.

Estimated Paraneters:

a - Celestial Frane:

b - Terrestrial Frame:

c - Earth Orientation: PMX, PMY
d - Qhers:
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JPL Kalman Earth Orientation Series : poE96  7-MAR-97 21:40:38 | ERS Series Designator : EOP(JPL) 97 C 03

MID PIX PMY SIG X SIGY COR xY
( arc sec) (arc sec) (arc see) (arc see)
15039. 67361111 -0.0072828 -0.0088656 0O O O 0.0193783  0.0161063 O 0 0O O 0.0021 0 0 0 0 O
15070. 11111111 -0.0063474  -0.0412608 0 8 0 0.0191262  0.0159486 0 88 0 0.0013 Q O 88 0
15100. 54861111 -0.0291165 -0.0587655 O O O  0.0190619  0.0159157 O 0 0.0010 O O 0
15130. 98611111 -0.0593779  -0.0695287 O 8 0 0.0190612  0.0159125 O 88 0 0.0002 0 0 0 0O
15161. 42361111 -0.0831713  -0.0774402 O O O  0.0190507 0.0159134 O 0 0.0005 0 0 0 0O
15191. 86111111 -0.0971493  -0.0783962 0 O O 0.0190368 0.0159163 O 0 O O 0.00056 0 0 0 0 O
15222. 29861111 -0.1096954  -0.0668536 0 O O 0.0190319 0.0159174 0 0 0 O 0.000l 0 0 0 0 O
15252. 73611111 -0.1223654  -0.0434042 0 O O 0.0190378 0.0159151 0 0 O O 0.0007 0 0 0 0O
15283. 17361111 -0.1278988  -0.0135316 0 O O  0.0190467 0.0159116 O O O O 0.0006 0 0 0 0 O
15313. 61111111 -0.1213463 0.0122975 O O O 0.0190486 0.0159101 O 0 O O 0.0000 0 0 0 0 O
15344. 04861111 -0.1022536 0.0249952 0 0 0 0.0190413 0.0159114 0 0 0 O 0.0005 0 0 0 0 O
15374. 48611111 -0. 0743322 0.0276392 0 0 O 0.0190317 0.0159137 O 0 0 O 0.0006 0 0 0 0 O
15404. 92361111 -0. 0462426 0.0357577 0 O O 0.0190282 0.0159145 0 0 0 O 0.000L 0 0 0 0O
15435. 36111111 -0. 0194914 0.0422962 0 0 O 0.0190328 0.0159128 0 O 0 O 0.00056 0 0 0 0O
15465. 79861111 0. 0066400 0.0448033 0 0O O 0.0190395 0.0159101 OQ 88 0 0.0004 0 0 0 0 O
15496. 23611111 0. 0341533 0.0241694 O O O 0.0190410 0.0159090 O 0 0<0000 O O O0O0O
15526. 67361111 0.0540820 -0.0197452 0 O O 0.0190355 0.0159100 O O O O 0.0004 0 0 0 0 O
15557, 11111111 0.0627361 -0.0716313 0 O O 0.0190282 ©0.015%118 O O O O 0.0003 0 0 0 0 0
15587. 54861111 0.0454748  -0.1212297 O 0 O 0.0190255 0.0159123 0 0 0 O 0.0000 0 0 0 8 8
15617. 98611111 0.0067280 -0.1454532 O O O  0.0190290 0.0159110 0 0 0 O 0.0004 00O
15648. 42361111  -0.0393572 -0.1436467 O 0O O 0.0190341 0.0159090 0 0 0 O 0.0003 0 0 0 0 O
15678.86111111  -0.0856945 -0.1284842 0 O O  0.0190352 0.015908L 0 O O O 0.0000 0 0 0 0 O
15709.29861111  -0.1273149  -0.1000124 O O O  0.0190311 0.0159089 0 O 0 O 0.0003 0 0 0 0O
15739.73611111  -0.1533937  -0.0493615 0 0 O  0.0190255 0.0159103 0 O 0 O 0.0002 0 0 0 0O
15770.17361111 - 0. 1549456 0.0212388 0 O O 0.0190235  0.0159107 %888 0.0000 0 0 0 0O
15800. 61111111  -0. 1321026 0.0949102 0 0 O  0.0190261  0.0159097 0.0003 0 0 0 0 O
15831. 04861111  -0. 0851675 0.1581493 O O O  0.0190300 0.0159082 O O O O 00003 0O00O0O
15861.48611111  -0. 0155454 0.1936585 0 O O 0.0190309 0.0159076 0 0 0 O 0.0000 0 0 0 0O
15891. 92361111 0. 0620165 0.1866248 0 8 Q0 0.0190277 0.0159081 0 0 0 Q 0.0002 Q O 8 COJ 0
15922. 36111111 0. 1256731 0.1344591 O O O  0.0190235 0.0159092 O O O O 0.0002 O O 0]
1105 records not shown

49586. 23611111 0. 0360945 0.1687944 0 0 0 0.0001290 0.0001184 O 0 O O 0.0055 0 0 0 0 O
49616. 67361111 - 0. 0399316 0.1868732 0 8 0 0.0000982 0.0000844 0 0 88 00368 0 0 0 0 O
49647. 11111111 - 0. 1124962 0,2379215 O O O 0.0001981 0.0001675 O O 0.0462 0 0 0 0 0O
49677.54861111  -0. 1528593 0.3104770 0 O O 0.0001101 0.0000886 O O O O 0.0546 0 0 0 0 O
49707. 98611111 - 0. 1583756 0.3897084 0 0 0 0.0001108 0.0000998 0 0 O O -0.0025 0 0O 0 0 0
49738. 42361111 - 0. 1244904 0.4648867 0 O O 0.0001668 0.0001074 0 0 O O 0.0147 0 0 0 0 O
49768. 86111111 - 0. 0822987 0.5190979 0 O O  0.0000997 0.0000959 O 0 O O -0.0122 0 0 0 0 O
49799.29861111 - 0. 0023689 0.5523449 0 0 O  0.0001072 0.0000935 0 O O O 0.0709 0 0 0 0 O
49829. 73611111 0.1007409 0.5545347 0 0 O 0.0001184  0.0000996 0 0 O O 0.0688 0 0 0 0 O
49860.17361111 0. 2016626 0.5059682 0 O O  0.0000989 0.0001031 0 O 0 O 00221 0 0 0 0 O
49890.61111111 0.2718712 0.4150583 0 0 O 0.0001376 0.0001045 0 O O O 0.0330 0 0 0 0 O
49921.04861111 0. 2870705 0.2991072 0 0 0 0.0001364  0.0001150 OQ 8 8 o 0.0268 % % 8 8 8
49951.48611111 0. 2461990 0.1906841 O O O 0.0001118  0.0000767 O 0 0.0083
49981.92361111 0.1654162 0.1181658 0 O 0  0.0001008 0.0000833 O 0 O O -0.0376 0 0 0 0 O
50012. 36111111 0. 0609091 0.0854850 0 O O 0.0001581  0.0000804 O O O O -0.2370 0 0 0 O O
50042. 79861111  -0.0531033 0.0968703 O O O 0.0000636 0.0000720 O O O O 0.030 0 0 0 0 O
50073.23611111 -0.1573172 0.1612279 0 0 O 0.0001188 0.0001186 0 O O O -0.0283 0 0 0 O O
50103.67361111 - 0. 2075640 0.255218¢ 0 0 O 0.0001124 0.0001034 0 O 0 O 0.000/ 0 0 0 0 O
50134.11111111 - 0. 2209758 0.3650049 0 O O 0.0000801 0.0000832 0 O O O -0.0033 0 0 0 0 O
50164.54861111  -0. 1760253 0.4804156 0 0 o0 0.0001645 0.0000997 0 O O O -0.0089 O 0 0 O O
50194.98611111 - 0. 0946800 0.5579900 0 O O 0.0001114 0.0001380 0 O 0 O 0.00890 0 0 0 0 O
50225.42361111 0. 0228332 0.5952430 0 O O 0.0001026 0.0000839 O O O O -0.0019 O 0O O 88
50255.86111111 0. 1487514 0.5665498 0 O O 0.0001425 0.0001286 0 O 0 O -0.0937 O O O
50286. 29861111 0. 2415666 0.4885105 0 O O 0.0000867 0.0000806 O O O O -0.0061 O O O O O
50316. 73611111 0.2935643 0.3850778 0 O O 0.0000875 0.0000680 O O O O 0.0174 0 0 0 0 O
50347. 17361111 0. 2818797 0.2632629 0 O O 0.0000884 0.0000551 O O O O -0.0554 O O O O O
50377. 61111111 0. 2210852 0.1654348 0 O O 0.0001160 0.0000813 O 0 O O -0.0251 O O O O O
50408. 04861111 0. 1218995 0.0996639 0O O O  0.0001401  0.0000742 0 0 O O -0.0107 O 0 O 0 O
50438. 48611111 0.0137607 0.0903206 O O O 0.0001619 0.0001041 O O O O -0.0045 0O 0 O 0O O
50468. 92361111  -0. 0795266 0.1246827 0 O O 0.0001017 0.0000869 O O O O -0.0041 0 O O O O
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